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Introduction
Research in artificial intelligence began in 1940s when the first generation of computers emerged in research associations. In 1956, the term artificial intelligence was first used by Professor McCarthy. He defined artificial intelligence as science and engineering to create intelligent machines, particularly intelligent computer programs. This science uses computers to understand human intelligence. Applications developed for games were the first academic attempts for artificial intelligence. The real goal was to determine a better understanding of how to encode human reasoning capabilities by the computer.
Knowledge-based systems or computer programs, involving knowledge to the end users, have been widely used in the field of artificial intelligence. There are several definitions for expert systems; a number of them are given below [1] .
Fiegenbaum defined expert system as an intelligent computer program requiring expert knowledge obtained by knowledge acquisition methods to solve complex problems [1] .
An expert system is a computer-based interactive decision tool used to solve problems related to difficult decisions using facts and knowledge acquired from experts [2] .
An expert system is a computer program mimicking the elite ability to make decisions [3] .
The purpose of these definitions is the same, that is, expert systems actually model the knowledge and reasoning of elite. Elite knowledge is a very specific knowledge on a problem involving facts, concepts and relationships. Elite reasoning is actually a process conducted by the elite on information available for a problem to conclude [1] .
The level of elite knowledge varies in the field of musculoskeletal disorders. In addition, not anyone can access to elites. Considering the objectives of public health policies that all persons shall have access to health facilities, the knowledge of elites who are usually in large cities can be accessed in remote areas.
A majority of knowledge related to diagnosis of symptoms and treatment of diseases is experimental. The problem is how to extract this knowledge and make available for others.
The expert system can be developed in various areas. One of its applications is expert system in medical sciences. To achieve accurate results, the expert system mimics conclusions of an elite physician systematically.
Since none of the previous expert systems is designed for musculoskeletal disorders, this study used the expert system to extract the elite knowledge in the field of musculoskeletal disorders.
Considering the ambiguous nature of this knowledge, certain approaches cannot be used to develop this system. Thus, a fuzzy expert system can be a good idea to solve this problem.
The purpose of this study was to develop an expert system for diagnosis and treatment of musculoskeletal disorders by a fuzzy approach. This study finds the macro-architecture of expert system for diagnosis and treatment of musculoskeletal disorders and the relationships between its components. In addition, this study tries to find out whether this system is reliable to replace the experts in diagnosis and treatment of musculoskeletal disorders.
Section 2 describes the medical expert systems and their application in modern world, reviews the relevant literature and explains fuzzy systems. Section 3 describes the methodology including population, data collection methods such as fuzzy Delphi method and Delphi method. Section 4 presents the output of the fuzzy Delphi method based on which the suggested expert system and its different parts including input, output, fuzzy rules, graphic interface and its application are developed. Using pairwise comparisons, correlation test and calculation of systemic error, the system is validated in Section 5. Finally, the results derived from the system, its advantages and remarks for future studies are presented in the last section. 
Medical expert systems
Artificial intelligence is a computerized science which studies the feasibility of intelligent systems with capabilities of experts by combining hardware and software. Expert system is a branch of artificial intelligence which stores expert capabilities in a certain context to take decision or find a proper solution into a computerized program. Accordingly, expert system helps experts in a certain field. Expert system can help users who are less experienced in solving problems to take a decision as experts do [4] . Advantages of expert system may include the increased reliability, reduced error, reduced cost, different expertise, smart databases etc. [5, 6] .
Complexity, ambiguity and diversity existing in certain medical problems prevent the simple process of medical information. Therefore, it is essential to consider decision making for using computers in medicine [7] .
Computer-based methods are increasingly used to improve the quality of medical services using artificial intelligence models [8] . Computer technology can reduce mortality using proper diagnostic methods in the early stages of treatment. When a patient refers to a physician, the assumed disease makes the physician to collect information such as patient history, physical examination and laboratory data. By this information and the knowledge regarding the disease, the physician considers the most likely diseases and diagnoses one or more diseases by collecting further information. However, diagnosis is a complex and important process [9] .
A medical expert system is a computer program which effectively aids in decisions on diagnosis and treatment of diseases, when properly implemented. Diagnosis and prognosis is conducted as soon as the program receives patient information. This information is usually transmitted through the patient to the physician. Medical expert systems have characteristics which distinguish them from other medical applications. One aspect of this difference is that these systems mimic the conclusions of an elite physician to achieve accurate results. In most cases, a specialist of this software is aware of these consecutive conclusions. Obviously, expert systems require a large number of rules and facts of medical sciences in the field of diseases and conditions to provide an accurate result [10] .
In general, an expert system is comprised of the following components:
• Knowledge base includes structured data to encode medical knowledge; • Inference engine includes procedures to use knowledge and directs the rules in the knowledge base; • Working memory protects data and facts when the program runs; • User interface provides an interface between the system and application for effective use; • Description mechanism explains the results and tracks rules used to achieve results [2] ; • Elites, the expert system needs to acquire their knowledge to insert into the knowledge base; • User uses the expert system; • Knowledge engineering collaborates the elite to shape subject knowledge to be transferred to the computer [11] ; • Knowledge acquisition utilities allow adding, editing and deleting rules in the knowledge base [2] .
An expert system is developed in six phases: • Phase 1: Defining the problem, • Phase 2: Acquiring the knowledge, • Phase 3: Designing the system (knowledge representation, control, software of expert system, prototype, user interface, the final product), • Phase 4: Testing and evaluating the system, • Phase 5: Documenting • Phase 6: Maintaining [12] .
In recent years, many expert systems have been developed in various fields of medical science, a few examples of which are given in Tab. 1.
Fuzzy expert system
Fuzzy logic was first introduced by Zadeh (1965) . In 1971, Zadeh published the quantitative fuzzy semantics which led to the development of fuzzy logic method and its applications. Fuzzy logic is used in many contexts including artificial intelligence programs [26, 5] .
Fuzzy expert system is inferior to rules of linguistic variables or fuzzy numbers which are uncertain in nature [27] .
The nature of elite views on something specific is unmeasurable and ambiguous; thus, they cannot be expressed by numerical values. This is where it seems essential to use linguistic variables, because elites can express their views in the form of words [28] . 
Developed systems Applications
Mycin [13] Choice of antibiotics for infectious diseases PUFF [14] Automatic interpretation of pulmonary functioning tests MEDI [15] Medical diagnostic systems DXplain [16] Decision support in medicine PIERS [17] Interpretation of pathology reports RENOIR [18] The diagnosis of 37 joint diseases DIABETES [19] Insulin dose adjustment for patients with diabetes RMDS [20] Diagnosis of renal masses
Cadosa [21] Diagnosis of breathing disordered in sleep MIMIC [22] Decision support system in ICU Diagnosis of heart valve disease [23] Diagnosis of heart valve diseases Pig-vet [24] Diagnosis of pig disease Diagnosis and treatment of leukemia [10] Diagnosis and recommended treatment for leukemia IX-DBC [3] Diagnosis of breast cancer Code [25] Coronary artery tests Proper nutrition diagnosis expert system [2] Diagnosis of proper nutrition for patients Another concept that often arises in connection with fuzzy systems is the concept of fuzzy variables. Value of a fuzzy variable is expressed by words, phrases and statements. For example, Communication Skills is a linguistic variable; its linguistic values can be good, medium or poor. Any linguistic variable can be attributed a fuzzy membership function [29] .
The structure of fuzzy expert system consists of four main sections:
Fuzzification converts the real numbers to fuzzy sets, knowledge base includes laws which express the relationship between input and output fuzzy variables [30] , inference mechanism takes input from user, selects the rules from the rule base [25] , processes the input based on these rules and provides the output [30] , defuzzification converts the fuzzy set to a real number based on the defuzzification process [31] . Another important concept of fuzzy expert system is knowledge acquisition which provides an efficient means of knowledge collection and storage throughout the world.
Inference rules defined in the inference engine must comply with the information in the knowledge base to make correct predictions [5] .
Research methodology
The general orientation of this study is appliedextended. The used methodology is mixed (hybrid). Due to the large volume of information including symptoms and treatment of musculoskeletal disorders and limited time of elites to share this information, symptoms and treatment of musculoskeletal disorders were extracted from references in this field (common musculoskeletal disorders [32] and orthopedic physical assessment [33] ) introduced by elites. Using fuzzy Delphi method, elite views on the symptoms of musculoskeletal disorders were collected. Considering the experience of elites in this field, the elites were asked to add other symptoms and treatments for these disorders, if any exist, and express the extent of those symptoms. Other elites were provided by the symptoms added in the second step of fuzzy Delphi and asked to express their views. However, Delphi method was used to collect the elite views due to the certain nature of treatment.
Using the information obtained from the previous step, the knowledge base and fuzzy rules thereby expert system of diagnosis and treatment of musculoskeletal disorders were developed. The main hypothesis of this study is that the developed system is validated; that is, the diagnosis of expert system matches the elite diagnosis. To test this hypothesis, paired comparison test, correlation test and system errors were used. The main limitation of this study was limited time of elites to provide their knowledge, which needed time to be accurate when responding to questionnaires.
Population and sample
One of the most important steps in developing expert systems is to develop a rich knowledge base; hence, the required knowledge was acquired from elites and theorists of the field to develop this knowledge base. Therefore, the population studied here is elites.
Depending on the design-description type of the study, the used methodology to select elites was convenient sampling. In other words, a number of available elites who were able to work with the project were used. The survey was conducted among elites with the following conditions: A master's degree or PhD Educated in the field of physiotherapy Experience in the clinical environment, i.e. constantly dealing with patients with musculoskeletal disorders Preferably a professor or teaching faculty in an academic environment Totally, 15 people were willing to participate in the study.
Methods and materials
Initially, library and Internet resources such as books and papers were used to gather literature and theoretical background. Available books and resources were used to acquire the knowledge required for the expert system. Professionals and elites, both on campus teaching this science and in the clinical environment diagnosing and treating these disorders, were asked to participate. To gather elite views on diagnosis of symptoms, the fuzzy Delphi method was used. The Delphi method was also used for treatments of musculoskeletal disorders.
Considering the fuzzy nature of diagnosis, fuzzy Delphi was used to gather information on symptoms which ultimately lead to diagnosis. In the first step of fuzzy Delphi method, 15 elites were selected and justified on the subject, method and duration of the study. The High: (6,3; 6,8; 7,6) elites were asked to score the symptoms by responding to options ranging from low, average or high. They were also asked to add those symptoms which are required to be added to the symptoms extracted from books. By fuzzy averaging of elite responses in the first step, a separate questionnaire was developed for each elite. The questionnaire contained the items of the first step, each followed by statistics of the first step including the number of responses to each option as well as the elite responses in the previous step. The elites were asked to respond to the added symptoms. By fuzzy averaging of the responses in the first and second steps and comparing the averages, the elite responses were recorded, if acceptably stable; otherwise, the third step of survey was conducted. This process continued until all responses were stable (three iterations). In the second step, the elites were suggested that, if possible, their responses in this step be closer to the average of responses in the previous step. In the third step, they were also recommended to repeat the same response if they were sure of the previous response. However, it is noteworthy that elites were free in responding and researchers could only offer suggestions.
Because of the certain nature of treatment, the Delphi method was used. The treatment questionnaire was in the form of yes or no options. Initially, the treatments were extracted from Treatment of Common Musculoskeletal Disorders and Orthopedic Physical Assessment. Elites were asked to express their views and add other treatments, if they exist. Then, elites were provided by separate questionnaires in which the first items were repeated, each followed by statistics of the first responses including the number of elite responses to each item as well as the elite response in the previous stage. The elites were asked to respond to added symptoms. In this research, the responses were stable by two iterations. The results show seven disorders for the wrist. The final ranges obtained from the fuzzy Delphi method, related to symptoms of carpal tunnel syndrome in wrist are listed in Tab. 2.
Treatments of wrist carpal tunnel syndrome derived from the Delphi method include nonsteroidal antiinflammatory drugs, daily living adjustment, bracing, nerve glide exercises, tendon glide exercises, carpal tunnel soft tissue manipulation, carpal radio joint distraction, pisotriquetral joint mobilization, strengthening exercises, taping, TENS, ultrasound and laser.
Results

Development of a fuzzy expert system for diagnosis and treatment of musculoskeletal disorders
The proposed system which was tested in this study is an expert system of diagnosis and treatment of musculoskeletal disorders, as presented in Fig. 1 . Components of the model include knowledge base (based on fuzzy rules and the database which involves input functions including symptoms and output including disorders), inference engine (including fuzzy inference and Mamdani inference relation), interface (including the graphical user interface designed in MATLAB) and knowledge acquisition utilities (to delete, add or edit the knowledge base).
The fuzzy logic toolbox in MATLAB was used to develop the expert system. First, the initial setup related to operators and configurations of the input and output variables was identified. Fig. 2 shows the configuration related to the number of some inputs and outputs and the number of rules as well as operators.
As noted, the input and output of the system were symptoms and the type of disorder diagnosed by the system, respectively. There were seven disorders related to wrist; therefore, there were seven outputs. The number of inputs was the number of symptoms of this disorder. Therefore, diagnosis was made based on the score given by the system to symptoms regarding the sum of the scores. Systemic diagnosis was a disorder with the highest score. Fig. 3 shows an overview of the expert systems in MATLAB. In this system, the functions were triangular; the functions out of the range defined by the elite were trapezoidal.
Input functions of the expert
Considering the ranges obtained from fuzzy Delphi, diagrams of the membership functions were drawn for the input variables of wrist. To increase flexibility, the membership function was defined for any variable. In Fig. 4 , indicating a symptom of wrist carpal tunnel syndrome, the triangular membership functions were defined for inputs ranging from 0 to 10; the range was derived from elite views. Trapezoidal membership functions were defined for symptoms out of the allowable range. The symptoms which were less or more than the allowable range (out of the range specified in green) were assigned the zero value by the rules in the knowledge base. 
Fuzzy rule base
To set the rules, all possible scenarios were considered for inputs; then, corresponding outputs were determined as scenarios of inputs. By receiving inputs, the fuzzy expert system made necessary inferences using these rules and presented the output as fuzzy variables.
This kind of inference is expressed as fuzzy rules in MATLAB. The numbers in parentheses in front of rules are weight of rules, which were here considered equal to one. Rules related to wrist carpal tunnel syndrome are given in the knowledge base in the Appendix. There were seven wrist disorders; therefore, the knowledge base included 35 fuzzy rules. Fig. 5 shows an overview of the combination of fuzzy functions in knowledge base. As shown in Fig. 5 , the input values for qualitative variables varied from 0÷10 from the user. By combining the fuzzy rules and defuzzification, the result was expressed in the form of a score given to seven disorders. Defuzzification refers to the shift from fuzzy output of the inference engine to certain output using the membership functions [34] . Fuzzy sets emerged from combined results of rules are defuzzified by defuzzification methods such as Center of Gravity, Max membership, Mean-Max and Weighted average. Center of Gravity is the most common method which here calculates the range of the numerical solution by calculating the Center of Mass. In this method, the defuzzified value of the fuzzy set A, d(A), is calculated by the following formula, where, μ(A) is the membership function of fuzzy set A [35] .
Output functions of the expert system
The proposed expert system provided seven outputs which are the same wrist disorders. In this system, the triangular and trapezoidal functions were used. For input value in the allowable range, the output was mapped on a triangular function defined on the scale of 0÷30. For input-assigned scores out of the allowable range, the score was mapped on the output membership function, zero. The trapezoidal function was used for output membership functions out of the range of 0÷30. Fig. 6 shows the membership functions of output variable for wrist disorders. Because of the similar membership functions of output variables, only the output related to one disorder is shown. 
Graphical user interface
User interface refers to a series of forms, reports and utilities which are used by the user to input, edit, and display information to the expert system. User interface of the proposed system was used as a shell between the user and the proposed system. All information to be acquired from the user was inserted through graphical forms embedded in the interface; by processing in intelligent engine system, the result was sent to the user interface and reports embedded in the user interface were displayed to the user via forms. Fuzzy inference is process of mapping inputs to outputs through fuzzy logic. In this research, the software MATLAB was used to develop a graphical user interface. Graphical user interface is a set of tools which allows the developer to simply develop a graphical user interface in order to increase interaction between user and fuzzy inference system.
Procedure
Using the graphical user interface of the proposed system, the user began by the form shown in Fig. 7 each symptom. Inputs and outputs were displayed on the left side and the right side of the form. By inserting the inputs and pressing the run button, the numbers were inserted into the inference engine of the selected expert system for fuzzy inference. The result was inserted into the shell and the score of each output was shown in front of the output in the form. By the program given to the shell, the disorder with the highest score was displayed as the selected output of the system under the condition. Treatment of each disorder was inserted in an Excel file of which the shell retrieved the treatments and displayed under the recommended treatment. Fig. 8 shows an example of the system. Figure 7 Input form using the symptoms. Systemic diagnosis and elite diagnosis were analysed by SPSS.
Paired comparison test
As shown in Tab. 3, the significance of the test was >5 %; therefore, the null hypothesis is supported. In other words, there is no significant difference between means of systemic diagnosis and elite diagnosis (5 % error level).
The 95 % confidence interval for the difference between systemic diagnosis and elite diagnosis is as follows: −0,070 ≤ ≤ 0,203.
As lower limit is negative and the upper limit is positive, it can be concluded that there is no significant difference between the means. To investigate the correlation between two variables and obtain the correlation coefficients (Pearson and Spearman), the correlation test was used. The result includes two outputs. The first output (Tab. 4) shows the Pearson correlation coefficient, significance and the number of samples. Based on the output, significance is <0,05; therefore, the null hypothesis is rejected and there is a correlation between these two variables. The correlation coefficient is 0,999 for 30 samples. For validation of knowledge available in the knowledge base, this study used Delphi method and fuzzy Delphi for consensus between elites about the symptoms and treatment of disorders. In this section, the validation of the system is discussed.
The first major purpose of the validation is to check two special cases in which all symptoms are set to 0 or to 10. In the first case, the system will give zero to all outputs as the final result which is reasonable; while, when all the symptoms are set to 10, the final result to all outputs will not be equal to the last output value (30) and will be equal to 25,2923. This is because of the upper limit for the symptoms, derived from fuzzy Delphi process, which confirms the good performance of the system.
To test and verify the performance of the system, the symptoms related to 30 patients were extracted from medical records at a hospital. Data on patients was inserted into the system for diagnosis. The second output (Tab. 5) presents Spearman correlation coefficient, significance and the number of samples. Results of Spearman method are similar to the results of Pearson (0,999). Note that both of these coefficients are significant at 1 % error.
Calculation of errors in the expert system
This section calculates and compares MAD, MSE, RMSE, MAPE and MPE errors for outputs of the expert system compared to elite diagnosis. The results can be a good indication of accuracy in diagnosis of the expert system. It is noteworthy that the measure of error is comparison of the results provided by the expert system and the results of elite diagnosis (Tab. 6).
The results show that the system has sufficient accuracy to be replaced by an expert. Finally, the comparison of the results shows that 86,7 % of the systemic diagnoses are similar to the elite diagnoses. 
Conclusion
To compare two variables, paired comparison test was used and output showed a significant correlation between the two variables. No significant difference was found between means of the systemic diagnosis and elite diagnosis at 5 % error level. The Pearson and Spearman correlation coefficients indicated a high correlation between the two variables. MAD, MSE, RMSE, MAPE and MPE errors were calculated to check the output of the expert system compared with elite diagnosis. Error comparison shows that the system has sufficient accuracy in diagnosis of musculoskeletal disorders.
The proposed system is an expert system of diagnosis and treatment of musculoskeletal disorders. Components of this model include knowledge base (based on fuzzy rules), the inference engine (including fuzzy inference and Mamdani inference relation), working memory, interface (including the graphical user interface designed in MATLAB) and knowledge acquisition utilities (to delete, add or edit the knowledge base).
The results of this study show that the proposed system has a good performance in diagnosis and treatment of musculoskeletal disorders. The main advantage of this system compared to the previous systems is that none of the systems developed earlier were related to musculoskeletal disorders and the proposed system in this study was the first in this regard. In addition, Delphi and fuzzy Delphi method were used to gather elite views, while the former medical expert systems did not.
The expert system of diagnosis and treatment of musculoskeletal disorders, developed in this study by fuzzy approach, can be used as the best way to teach medical students. Graduates with little experience in musculoskeletal disorders as well as general practitioners in remote areas can use the system as an adjunctive diagnostic system. It is also recommended to complete the study in future based on the symptoms effective on the disorder and assign weights to them, if necessary. Possible rules in the knowledge base system can be utilized. It is also possible to develop the system based on learning from data. In this case, the system uses the records available in databases to diagnose the disease. Due to the high workload of experts, this study only considered musculoskeletal disorders for the upper part of the body in wrist. It is recommended to consider these disorders for other parts of the body (lower body and spine) for future works.
